New, robust, and highly applicable materials preparation and processing
techniques are invaluable for the advancement of materials chemistry. New
preparation techniques are especially valuable due to the difficulty often experienced
when trying to merge two or more phases into a single material on the molecular- or
nanoscale. Current methodologies for achieving these goals can be highly variable as
well as costly due to the myriad of synthetic and processing techniques available for
many systems. These challenges are further compounded by the need for compatible
and stable precursors, which are often difficult to handle, in order to merge two or
more chemical systems into a single material.

Recently we have demonstrated a novel approach to the solgel synthesis of
metal-oxide materials and material precursors. Though the compositions and
applications of these materials have proven to be extremely diverse, the preparation
methodology has remained constant through the use of a new concept in sol-gel
chemistry. This new methodology takes
use of organic proton scavenging agents to produce metal oxide precursors. These
materials can be heat treated or easily processed into the desired materials. It is
believed that the high degree of precursor mixing achieved by this method allows for
easy transformations into desired crystalline phases, highly doped materials, and/or
well-di d ites. In all of the d

ated cases, the synthetic procedures
used for the preparation have been robust and simpler than those currently
proposed in the literature. Examples of composite materials prepared by this
methodology include scintillators, novel ceramic precursors, laser materials,
organic/inorganic interpenetrating networks,
composites. The starting materials were inexpensive, common metal salts (Cl-, NO;-,
etc.) that were processed in water or ethanol under ambient conditions. The general
preparation method, processing of materials, and characterization of the wide variety
of compositions prepared will be presented.
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The epoxide addition method has
several advantages over traditional,
alkoxide sobgel chemistry. Whereas
metal alkoxides are often unstable and
difficult to handle, the common metal
salts used in the epoxide addition
method are air swble and casily
adapted to the synthetic conditions.
Furthermore, alkoxide chemistry often
requires a different set of reaction
conditions for each metal-alkoxide
system. The epoxide addition method
is general to a large variety of transition
and main group metls with litde to no

variation in synthetic conditions.

The integration of inorganic oxides with organics at
o fon nanometer length scales can extend the range of physical,

LI mechanical, and chemical properties that can be obtained
o with simple mixtures of pure phases. To achieve mixing at
S these length scales, several strategies may be employed. One

’*j‘ method involves the formation of interpenetrating networks

o (IPNs) . IPNs may be assembled either sequentially or
‘;‘* simultaneously, as shown to the left. The simultaneous
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One unique aspect of the epoxide addition method & the ability to form nano-
particulate oxide materials of the entire lanthanide series. Lanthanide oxides
(LnO) are useful dopants in a large variety of materials and are extremely
useful for their fluorescent propertics. This is the fisst reported procedure for
synthesis of these materials by a single method amenable to bulk production
of a hrge variety of pure LnO, and LnO,~containing materials.

Clapsaddle, B. . et. al. To be submitted to Chem. Mater. 2004.

Lutetium  oxyorthosilicate  (Lu,SiOs;
LSO) is a known xray scintillator
when doped with various lanthanide
ions (Ce¥, Eu®, Tb¥, etc). LSO and
Ln**doped LSO can be prepared using
the same method discussed below/left
for the preparation of M-Si mixed
oxides.  Subsequent heat  trearment
results in the crystalline LSO materials
which display strong fluorescence in
the visible region.
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Using the epoxide addition method, nano<rystalline cerium (IV) axide can be made w
treatment. CeO, is commonly used in hydrogen storage materiab and atalysis.
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irconia (YSZ) is an important material in hydrogen fuel cell electrodes.
ial (YSZ=Y-doped ZrO,) and demonstrates the usefulness of the epoxide
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According to the characterization results for the nanostructures, as well as the physical
properties of the materials, the IPNs exhibited a uniform dispersion of both
components with no evidence for phase separation on length scales > 5nm. It is
believed that this methodology is general to the preparation of a large variety of
transition and main group metal hybrid composites.
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